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Introduction 
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Introduction  

 
largest BR x  over most of 
the mass range. 

 
 using W mass constraint, the 
decay is sufficiently 
reconstructed to produce a 
mass peak. 

 
Principal drawback is huge 
W+jets background 
 We use data-driven 
technique to control and 
understand this. 

SM Higgs discovered at 125 GeV. 
 
We  search for additional higgs 
state using HWWlvjj channel 
because: 
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  Dataset name                                                                      Run range 
/SingleMu/Run2012A-13Jul2012-v1/AOD                       190456-193621 
/SingleElectron/Run2012A-13Jul2012-v1/AOD 
/SingleMu/Run2012A-recover-06Aug2012-v1/AOD   190782-190949 
/SingleElectron/Run2012A-recover-06Aug2012-v1/AOD 
/SingleMu/Run2012B-13Jul2012-v1/AOD    193833-196531 
/SingleElectron/Run2012B-13Jul2012-v1/AOD 
/SingleMu/Run2012C-24Aug2012-v1/AOD    198022-198913 
/SingleElectron/Run2012C-24Aug2012-v1/AOD 
/SingleMu/Run2012C-PromptReco-v2/AOD    198934-203746 
/SingleElectron/Run2012C-PromptReco-v2/AOD 
/SingleMu/Run2012D-PromptReco-v1/AOD    203894-208686 
/SingleElectron/Run2012D-PromptReco-v1/AOD 
This correspond to Total  Integrated Luminosity : 19.3(19.2) fb-1  muon(electron) 

 Single lepton triggers with PT  >  24 (27)  muons (electrons). 

Data & Trigger 

Introduction  
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Simulation samples 

Signal samples: 
  POWHEG-BOX , reweighted appropriately. 

Introduction  

Backgrounds: 
* 

* 
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Event Display 

Introduction  
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Event selections 

Muons (electrons) 
PT > 25 (30) GeV 

|η| < 2.1 (2.5) 

Isolation: 

relIso < 0.14 (0.105-0.150) 

ID: 

(MVA electron id WP80) 

 

veto events with a 2nd loose 
lepton 

(l,jet) > 0.4 (0.8) 

 Jets (PFAK5) 

– PT > 30 GeV 

– |η| < 2.4 

– Anti-b-tag on all jets 
with PT >30GeV 

– No criteria on additional 
jet activity (i.e. inclusive) 

 Leptonic W 

– MET > 25 (30) GeV 

–   mW
T > 30 GeV 

Introduction  

Pile up reweighting,  Trigger, reconstruction and identification efficiency applied. 
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Data/MC Comparisons  

 

e 

PAS 

Twiki 
Twiki 

PAS 
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Kinematic fit 

We use kinematic fit to enhance four body mass (i.e. mlvjj ) resolution and 
remove correlation between mjj and mlvjj.  
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MVA optimization 
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 input variables 

Higgs boson decay kinematics is 
fully described by →  
{mlvjj, mjj, cos(θ*), ϕ1, ϕ, cos(1), 
cos (2)} 
 
- mlvjj is the variable we use to 
extract limit, so it is not included 
 
- mjj used to estimate background 
normalization, so it is not included 
 
•Lepton charge is a good variable 
since signal is charge-symmetric, 
while W+jets is not 
 
So, the inputs are: 

{ cos(θ2), cos(θ*), ϕ, ϕ1, lepton charge} Leptonic W decay plane 

Hadronic W decay plane 

Beam direction 
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input variables data/MC comparisons 

PAS PAS 

PAS PAS 
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For higgs mass 
250Gev, Muon 
Channel,  
Representative 
Plots. 

ROC curve 

MVA Training details 
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Example of likelihood output 

PAS 
PAS 
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Optimizing the MVA selection 

scan MVA cut values for best expected limit 

 

Approx. optimal  around 0.5 for masses up to 
500 GeV.   

&  0.6 for 550 and 600 

 

the minimum is rather broad 

 

By construction, 0.5 natural separation 
between signal-like and background-like. 

muons 

electrons 

TMVA optimization  

Higgs mass 250GeV 
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Likelihood analysis 
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Likelihood analysis 

After all selections are applied: 

Simultaneous fit and limit extraction using statistical combination tools used 
cms-wide, 
 
 
1st fit: an unbinned maximum likelihood fit to mjj   distribution in data side 
bands: 
 --Background yields 
 
 
2nd fit:  binned maximum likelihood fit to four body mass with simultaneous 
exclusion limit extraction 
 --four body shape, limits 
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Unbinned maximum likelihood fit to the 
data. 

mjj   excluded (66-98) 

Side band dominated by W+Jets 

Shape: 

 Diboson and top components shapes  fixed 
to the expectations from MC. 

 W+jets shape parameters loosely 
constrained. 

Yield: 

W+jets component yield, free parameter, 
others  constrained to theory uncertainties 

 The W+jets yield and its uncertainty are 
propagated to the next step in the analysis. 

 

Data-driven background estimation 

PAS 

Twiki 

 

e 

Likelihood analysis--The mjj fit in sidebands 
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Likelihood analysis--The mjj fit in sidebands 

PAS 

PAS 

Twiki 

Twiki 

 

e 
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Likelihood analysis-- four body mass shapes, fit 
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mlvjj model determination 

 Functional form for Diboson, top 
& signal determined from MC 

 

Functional form for V+jets 
determined by iterative procedure: 

1. Fit to MC sideband and signal 
regions, and data sideband 
region 

2. Fit quality determines success 

3. Failure -> try new model with 
more DOF 

 

All backgrounds have generally 
monotonically falling spectra.  

Likelihood analysis--  four body mass shapes 

Fit to MC to smooth the shape 
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Likelihood analysis--  four body mass shapes 

Generate pseudo-data 
samples with alternate 
model 

 

 fitted with the nominal  
(Polynomial) model 

 

look at means of the pull 
distributions 

 

 the bias is well under 
control within 20% of the 
statistical uncertainty 

V+Jets shape cross-check 

M
C

 Statistical u
n

ce
rtain

ty 
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Results: 
 four body mass fit to data, limit etc. 
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Fit to the mlvjj spectrum & limit: 

Binned maximum likelihood fit to the mlvjj 
data spectrum in the mjj signal region 

 

Shape: 

 All except V+Jets comes from simulation  

( previous step) 

Yields: 

All except V+Jets  comes from theory. 

 V+jets yield comes from mjj sideband fit 

 

The fit under the background only 
hypothesis and the S+B hypothesis are 
performed within the combine machinery. 

No excess in data observed. 

Results– Unblinded four body mass distribution 

PAS 

Twiki 

 

e 
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PAS 

PAS 

 

e 

Twiki 

Twiki 

Results– Unblinded four body mass distribution 



29/33 Ajay Kumar, University of Delhi June 17, 2014 

Results: Sources of systematic error 

The shape variation from interference 
 for the Signal  mlvjj  distribution,  
for higgs mass 600GeV 

below 

PAS 
Systematic in signal shape at high mass driven  
 by the interference between gg  WW 
and gg  H  WW  
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Observed: 8TeV : 335-500 GeV excluded at 95% CL. 
 7+8TeV : 170-180GeV and 230-545 GeV excluded at 95% CL. 
 
Expected: 8TeV : 325-555GeV  expected exclusion at 95% CL. 
 7+8TeV : 170-180GeV  and 255-565 GeV exclusion at 95% CL. 

Results:  Probe of signal strength vs. Higgs mass 

8 TeV data 

PAS 

7+8 TeV data 

PAS 

 No evidence for  additional Higgs-like boson is found and 95% exclusion limits on  
its production cross section has been obtained. 
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Search for electroweak singlet scalar where a heavy higgs boson mixes with higgs 
at 126GeV . 

 

Couplings related by unitarity, C2+C’2=1, Where C(C’)  scale factor of  couplings 

of low(high) mass higgs w.r.t. SM  
 
The heavy higgs signal strength (’)   and width  ’   are: 

 
’    = C’2    (1 – BRnew )  ,    ’  =    

SM   x  C’2  / (1 – BRnew ) 
 
BRnew  is the branching ratio of heavy higgs to non-SM like decay modes. 
 
Interference  between the BSM Higgs and the background : 

 

  ( + I)BSM =   SM  C’2   +  ISM  C
’  

 

(I)  : signal strength (interference) in the BSM and SM cases.  

Results: BSM interpretation 



32/33 Ajay Kumar, University of Delhi June 17, 2014 

Results: BSM limits 

 A scan of grid points  in C’ 
vs. BRnew vs. MH space. 
 
Signal strength r =1contours  
 
Space below contour, on right 
are excluded 

 
 Results as expected: most 
sensitive to the scenario with a 
lone heavy SM Higgs  
(particularly in the middle of 
our mass search window ),   
which corresponds to C’=1.0 
and BRnew=0.0. 

PAS 
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Results: Summary 

We have a revised analysis of the semi-leptonic WW final state with the full 8 
TeV dataset. 

 

 No evidence for  additional Higgs-like boson is found and 95% exclusion 
limits on its production cross section has been obtained. 

 

Beyond Standard Model Interpretation performed and limits extracted. 

Documentation 

AN-12-463 

HIG-13-027 

We are seeking Approval for this result for its inclusion in the forthcoming 
high mass paper, HIG-13-031. 

http://cms.cern.ch/iCMS/analysisadmin/cadi?ancode=HIG-13-031
http://cms.cern.ch/iCMS/analysisadmin/cadi?ancode=HIG-13-031
http://cms.cern.ch/iCMS/analysisadmin/cadi?ancode=HIG-13-031
http://cms.cern.ch/iCMS/analysisadmin/cadi?ancode=HIG-13-031
http://cms.cern.ch/iCMS/analysisadmin/cadi?ancode=HIG-13-031
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Introduction 

SM Higgs discovered at 125 GeV, Is that end of road ? 
Ans : No 
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Event Display 

Introduction  
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Apply 
Standard 

Event 
selection 

Apply 
Standard 

Event 
selection 

MC 

Data  

Ntuples  tree 

loose  tree 

Analysis 
cut/MVA 

MVA 
optimization 

W+Jets MC 

Signal MC 

Optimized MVA cut 

 fit data 
to mjj  

sideband 

MC  shape 
smoothed  

 fit data 
to mlvjj  

Analysis 
cut/MVA 

m
lv

jj
  s

m
o

o
th

e
d

 

Results: mWW  distribution, limit  

Strategy 
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Sample and Software 

 
 Background Sample                            Cross-section (pb) 
W+jets                                       36257 
Z+jets                                               3503 
WW                                                  57.1 
WZ                                                 32.3 
ZZ                                                    8.3 
t¯t+jets                                          225.2 
t/¯t+jets (t-channel)                     85.5 
t/¯t+jets (s-channel)                    5.65 
t/¯t+jets (tW-channel)                22.4 
 
 
Signal Samples Cross-Section taken from: 
https://twiki.cern.ch/twiki/bin/view/LHCPhysics/CERNYellowRepo

rtPageAt8TeV#gluon_gluon_Fusion_Process 

CMSSW_5_3_2_patch4  for both Data and MC Processing 
Trigger: Single Lepton trigger: 
 Muon channel :    ( 'HLT_IsoMu24_*','HLT_IsoMu30_*‘) 
Electron  channel:   ('HLT_Ele27_*','HLT_Ele32_*‘) 

https://twiki.cern.ch/twiki/bin/view/LHCPhysics/CERNYellowReportPageAt8TeV
https://twiki.cern.ch/twiki/bin/view/LHCPhysics/CERNYellowReportPageAt8TeV
https://twiki.cern.ch/twiki/bin/view/LHCPhysics/CERNYellowReportPageAt8TeV
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Muons : Using the official mu-POG recommendation 
 https://twiki.cern.ch/twiki/bin/view/CMSPublic/SWGuideMuonId 
 Using “thigh” and “loose” (for veto) definitions 
 PF based isolation with PU correction 

 Electrons : Using the official e/γ-POG recommendation 
  MVA ID: https://twiki.cern.ch/twiki/bin/viewauth/CMS/MultivariateElectronIdentification 

  Conversion rejection 
  PF based isolation (ΔR0.3) with PU correction with Effective Area 
  Tight electron: WP80 triggering MVA 
  Veto : WP90 non-triggering MVA 
 WP definitions: https://twiki.cern.ch/twiki/bin/view/Main/HVVElectronId2012 

Jets: 
  AK5 PF jets with CHS, JEC: L1,L2,L3(residual for data) 
  PU jet ID: https://twiki.cern.ch/twiki/bin/view/CMS/PileupJetID 

Missing Transverse Energy: 
  PF MET : type-I and shift (phi modulation) corrections 

Physics Objects  



41/33 Ajay Kumar, University of Delhi June 17, 2014 

Data/MC Comparisons  

Muon 

Electron 
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Muon 

Electron 

Data/MC Comparisons  
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Muon 

Electron 

Data/MC comparisons (Leptonic W) 
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Data/MC comparisons (leptonic W) 

Muon 

Electron 

 

Modeling W 
transverse 
mass:  

 

When 
restricting to 
a top 
enhanced 
region the 
modeling 
problems 
vanish. 
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Kinematic fit 
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Efficiency -- Super-cluster to reconstructed electrons Reco 
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Efficiency-- Reconstructed to selected electrons ID 
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Efficiency-- selected e to HLT e( HLT ) 
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Muon scale factor 
reconstructed  to selected  ( ID,data / ID,MC ) 
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Efficiency-- selected  to HLT  ( HLT,data ) 
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 Require on shell  Ws 

 
 Reconstruct mWW = mlqq   
 
 Define signal region mjj = [65,95] GeV  
 

 
 Likelihood  reconstruction, 12 mass points × 2 flavours (e/μ)  
   = 24 different likelihoods 

 
 Two component fitting :  
    a.) W+Jets normalization from mjj 
    b.)   four body shape estimation 
    c.) simultaneous limit and hypothesis testing 
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CMS Detector and Object reconstruction 

Muons are 
measured 
with the 
tracker and 
the muon 
system. 
 
Electrons are 
detected as 
tracks in the 
tracker 
pointing to 
energy 
clusters in the 
ECAL 
  

Jets are reconstructed from calorimeter and tracker 
information using a particle flow algorithm. 
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For higgs mass 
250Gev, Muon 
Channel,  
Representative 
Plots. 

ROC curve 

TMVA optimization  
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Likelihood analysis 
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Likelihood analysis 

After all selections are applied: 

Simultaneous fit and limit extraction using statistical combination tools used 
cms-wide, 
 
 
1st fit: an unbinned maximum likelihood fit to mjj   distribution in side bands: 
 --Background yields 
 
 
2nd fit:  binned maximum likelihood fit to four body mass with 
simultaneous exclusion limit extraction 
 --four body shape, limits 
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The mjj background models 

a.) Diboson: Sum of two Gaussian, 

means differ by the W/Z mass, 

 widths also scaled proportional to the 
masses  

+ a wide tail to catch poorly 
reconstructed events. 

b.) Top:  is the sum of a peaking 
component and a wide tail. 

c.)  W/Z + jets: Kinematic turn on and 
power law 

Likelihood analysis--1. Background yields 

Start with fully corrected MC: 

Values of parameters determined from MC and fixed in the fit. 
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Unbinned maximum likelihood fit to the 
data. 

 

 Diboson and top components shapes  
fixed to the expectations from MC. 

 

 W+jets shape parameters loosely 
constrained. 

 

W+jets component yield, free parameter, 
others  tightly constrained  

Likelihood analysis--1. Background yields 

The mjj fit in sidebands 

Muon 
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Muon Muon 

Likelihood analysis--1. Background yields 

The mjj fit in sidebands 

 The W+jets yield and its uncertainty are promoted to the next step in the analysis. 
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The m𝓁νjj models 

For  m𝓁νjj spectrum: 
 line shapes for diboson, 
W/Z+jets, top, ggH and qqH 
production. 

 

 Backgrounds except V+jets, 
shapes  based on simulation. 

 

All backgrounds have 
generally monotonically 
falling spectra.   

exceptions low mass regions, 
due to threshold effect on 
requiring 2 on-shell W’s. 

Likelihood analysis-- 2. four body mass shapes 
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The V+jets background 

dominant, least-well understood 

The functional form (FF) validation: 

Fit  FF, 

1.  MC m𝓁νjj spectrum in the mjj signal region. 

2.  MC m𝓁νjj spectrum in the mjj  sideband region. 

3. data m𝓁νjj spectrum in the mjj sideband region. 

If P(2) <0.001, reject FF in favor of one with more DOF. 

In all cases the shape must be able to well model the W+jets contribution to 
the spectrum. 

4. Finally fit MC spectrum with polynomial  with sufficient degrees of freedom 
to saturate the χ2.   

The difference between the polynomial fit and the nominal one are required 
to be insignificant compared to the statistical error on the nominal one. 

Likelihood analysis-- 2. four body mass shapes 
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W+jets background models 

Default 
Why ? 
in next 
2 slides. 

Likelihood analysis-- 2. four body mass shapes 
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Shape cross-check 

“
N

o
m

in
al
”

 

 

G
e

n
e

ra
ti

n
g 

 m
o

d
e

l  
 

   
   

  

“nominal
” 

 
“polynomial” Fit model 

 “
p

o
ly

n
o

m
ia

l”
 

Likelihood analysis-- 2. four body mass shapes 

Generate pseudo-data 
samples 

Nominal/ Polynomial   

 fit them with either 

 

We look : means of the 
pull distributions. 

 

 we see nominal 
shapes not sufficiently 
flexible to accommodate 
reasonable variations in 
the shape, 

So, polynomial as 
default  
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Alternative shape 

 we replaced the 
exponentials in the nominal 
shapes with power laws and 
vise versa. 

 

When generating with this 
model and fitting with the 
polynomial model the bias is 
well under control. 

Likelihood analysis-- 2. four body mass shapes 
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Fit to the m𝓁νjj spectrum & limit: 

Binned maximum likelihood fit to the 
mνjj data spectrum in the mjj signal 
region. 

nuisance parameters: 

 yields of  V+jets  from the previous 
step 

 

 others  yields from theory (MC) 

 

 the shape of the V+jets background 
component 

 

other sources of systematic error 
enumerated subsequently. 

Likelihood analysis-- 3. limit extraction 



66/33 Ajay Kumar, University of Delhi June 17, 2014 

Fit to the m𝓁νjj spectrum & limit: 

Likelihood analysis-- 3. limit extraction 

From this fit: 
Pdf of  mlnujj  for each component goes as input to limit setting tool 
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Higgs production cross-section uncertainty 
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MVA selection efficiency uncertainty: 10%  a safe, uniform systematic. 

Lepton efficiency uncertainties: 2%. 

Trigger efficiency uncertainty: 1% 

Signal cross-section uncertainties: taken from YRv3. 

PDF variations: a few %. 

LHC luminosity: 2.6%. 

Interference for masses from 400 GeV and up 

 shape and normalization uncertainty. 

Source of uncertainty 
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Jet Energy Scale 
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Four body mass range 
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Uncertainty on signal selection efficiency 
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Pull distribution under the 0.5 signal generation 
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Pull for mass point 170GeV for 0, 0.5 & 1.0 times SM for the amount of  higgs 
signal included in each pseudo –data experiment. 

Fit validation from pseudo-data 
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BSM interpretation 

Search for electroweak singlet scalar where a heavy higgs boson mixes with 
higgs at 126GeV . 

 
Couplings related by unitarity so, 
If  C(C’)  scale factor of  couplings of low(high) mass higgs w.r.t. SM ,  

C2 + C’2    = 1 
 
Indirectly can set upper limit at 95% CL on C’2  <0.446 using signal strength fits to 
the H(126) Candidate. 

 
The heavy higgs   modified by a factor ’   and modified width is ’   

 
’    = C’2    (1 – BRnew )  ,    ’  =    

SM   x  C’2  / (1 – BRnew ) 
 
BRnew  is the branching ratio of heavy higgs to non-SM like decay modes. 
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BSM implementation 

The BSM heavy higgs line shape  by reweighting the SM POWHEG samples. 
 
Rescaling of the SM at NLO in QCD and LO in EWK. 

 
Set a target line shape a realistic Breit-Wigner with a narrower signal width 
w.r.t.  width of SM higgs boson. 
 
Interference  between the BSM Higgs and the background : 

 

  ( + I)BSM =   SM  C’2   +  ISM  C
’  

 

(I)  : signal strength (interference) in the BSM and SM cases.  
 
This assumption is based on the hypothesis that the couplings are similar to 
the SM case and simply re-scaled due to unitarily constraints.  
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BSM limits 

C′ = 0.1 
 
 
C′ = 0.2 
 
 
C′ = 0.3 
 
 
C′ = 0.5 
 
 
C′ = 0.7 
 
 
C′ = 1.0 

      BRnew  =   0.0                 0.1                 0.2               0.3                0.4               0.5 

SM 
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•An exercise in 
visualization… 

•Plot observed 
excluded signal 

strength in the C′ / 
BRnew space 

•Lower right corner is 
equivalent to the SM, 

white indicates 
exclusion  

•8 TeV only data 

BSM limits 



80 

History 
 

16-06-2014 

Last public result in this channel 
 was for HCP 2012, HIG-12-046 

7 TeV only (HIG-12-003) 



HCP data 
W+jets MC 
using HCP model 

More History 

 The previous analysis used data from the sidebands in the mjj distribution to 
determine the normalization and shape for the m𝓁νjj distribution of the W+jets 
background in the mjj signal window. 

– This relied on the MC to make the shape extrapolation. 

– At the time of HCP, the statistics were already such that this description was being 
stretched. 

– The full dataset would need a better background description. 



Validation 0x SM 


